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USE OF A THERMOSTABLE ENZYME AS A FEED ADDITIVE 

5 

The present invention relates to the use of an enzyme as 
10 an additive for an animal feed, and in particular to such 
a use where the enzyme is thermostable so that it does not 
suffer a significant decline of its activity during 
relatively high temperature feed processing. The invention 
also provides a feed additive and a cereal-based feed 
15 including such a thermostable enzyme. 

Improvements in animal feeds to enable animals to digest 
the feeds more efficiently are constantly being sought . 
One of the main concerns is to improve the Feed Conversion 

20 Ratio (FCR) of a feed without increasing its cost per unit 
weight. The FCR of a feed is the ratio of the amount of 
feed consumed relative to the weight gain of the animal. A 
low FCR indicates that a given amount of feed results in a 
growing animal gaining proportionately more weight. This 

25 means that the animal is able to utilise the feed more 
efficiently. One way in which the FCR can be reduced is to 
improve its digestibility by an animal thereby increasing 
the nutritional benefit which the animal can derive from 
it . 

30 

There are various constraints on the digestibility of the 
nutritional components of a feed such as its starch, fat, 
protein and amino acid content. These constraints include: 
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(i) the viscosity of materials present in the animal's 
•-gut- Such- viscosity is due/- at least- in part, to. 

soluble non- starch polysaccharides such as mixed - 
linked p-glucans and arabinoxylans ; 

(ii) entrapment of nutrients within the cell walls of the 
feed, particularly those of the aleurone layer in 
cereals. Such entrapment is caused by the high 
levels of non- starch polysaccharides in the cell 
walls of cereals which are relatively resistant to 
break-down by the animal's digestive system. This 
prevents the nutrients entrapped within the cells 
from being nutritionally available to the- animal; 
and 

(iii) a deficiency in endogenous enzyme activity, both of 
the animal and of the gut microbial population 
particularly in a young animal. 

The above problems which interfere with digestibility are 
particularly noticeable in 'the case of cereal-based diets, 
such as those having a high wheat content . 



25 Due to the problem of poor digestibility of nutrients from 
the feed, it is normally necessary to formulate feeds to 
contain higher levels of energy and protein providing 
materials in order to meet the nutritional demands of 
animals . 

30 



15 



20 
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There is now a substantial body of evidence that 
incorporating certain (supplementary) enzymes in cereal - 
based animal feeds can be advantageous in reducing the 
viscosity of material present in the animal's gut. This 
5 reduction can be achieved by enzymes such as xylanases 
which hydrolyse soluble xylans thereby reducing digesta 
viscosity which is an important constraint on the process 
of digestion. 

The xylanases which are added as supplements must be 
stable and active at the pH and temperature conditions 
found within the gastrointestinal (GI) tract of the target 
animal. If they are not stable and active when exposed to 
such In \ri\ro conditions, then they will not be able to 
reduce digesta viscosity to any significant extent. It is 
presently known to include xylanases as a supplement in an 
animal feed derived from fungi such as Trichoderma 
long ihrachia turn, Aspergillus niger and Humicola insolens . 

20 Bedford and Classen (The Journal of Nutrition, vol. 122, 
pp 560-569) disclose that there is a significant 
correlation between digesta viscosity measured in vivo 
in the case of broiler chickens and bodyweight gain and 
FCR values. In the case of wheat and rye-based diets fed 

25 to poultry, it was shown that as much as 70-80% of the 
variations in the weight gain and FCR are based upon 
differences in intestinal viscosity alone. This highlights 
the importance of digesta viscosity in cereal-based feeds 
containing high levels of soluble arabinoxylans . As 

30 digesta viscosity increases, it reduces the digestibil- 
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ity of all nutrients by interfering with the diffusion of 
l|>mWe^aMirgil&^^^ 
digestion process. 



5 It has been found that the inclusion of a xylanase in an 
animal feed helps to reduce the digesta viscosity in 
livestock. As a result of this, the animal's ability to 
digest the feed is increased, the rate of bodyweight gain 
of the animal per unit amount of feed consumed is 
10 increased, and the FCR of the feed is decreased. 



It is conventional to include enzyme supplements , such as 
xylanase, in an animal feed by impregnating the enzyme 
onto a physiologically acceptable carrier, such as a 
15 cereal. The impregnated carrier is mixed with the other 
components of the feed and then pressed into cubes or 
pellets for feeding directly to animals. 



There has recently been much development in the processing 
20 of the various feed components into forms such as cubes 
and pellets. The processes which have been developed make 
use of relatively high temperatures. This is firstly to 
improve the efficiency of the manufacturing process 
and secondly to produce feeds which are free from 
25 harmful bacteria, particularly Salmonella , In addition, 
the use of high temperatures improves the quality 
and durability of the resulting cubes and pellets, 
increases the range of ingredients which can be 
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efficiently handled and also 
ingredients, such as fat 
incorporated into the feed. 

5 The processing techniques currently employed apply 
relatively high temperatures to the mixture of feed 
components for a relatively long period. Further, the 
mixture is subjected to relatively high pressures during 
processing which also helps to increase the durability of 
10 the cubes or pellets formed. 

One of the processing methods which has been developed to 
improve the nutritional properties of the feed is steam 
pelleting. This method includes the step of treating the 
compounded feed with steam to increase its temperature and 
moisture content. This step is termed conditioning. 
Conditioning lasts from a few seconds up to several 
minutes depending on the type and formulation of the feed. 
The temperature in the conditioner may rise to 100°C. 
Afterwards, the feed is passed through a pelleting die 
which causes a rapid increase in its temperature due to 
friction . 

Recently, a new device for pre-treatment or conditioning 
25 of feeds has been introduced called an expander. 
This allows sustained conditioning under pressure 
followed by pelleting. According to this technique, 
various feed components which have previously 
been subjected to steam-conditioning are fed into 
30 a compression screw into which more steam is in- 
jected, and the mass is then subjected to increasing 
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increases the level of liquid 
and molasses, which can be 
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pressure and shear action and then forced through a 
variable exit gap. The compressed product, after reduction 
in particle size, is fed into a standard pelleting press. 

5 The dwell time of the feed components in the expander is 
about 5-20 seconds, and the temperature reached may be as 
high as 14 5°C. A compression pressure of about 3.5 MPa is 
reached, but the build-up of both temperature and pressure 
is very quick and both fall rapidly as the product is 
10 expelled through the exit gap. 

The use of expanders is advantageous because they 
effectively eliminate harmful bacteria, particularly 
Sa^lmonella. Furthermore, it is possible to include 
15 relatively high levels of fat and other liquid ingredients 
in the mixture prior to pelleting. In addition, the 
cooking and pressure/shear action results in greater 
starch gelatinisation . 

20 Unfortunately, these high temperature and high pressure 
processing conditions, particularly when applied^ in the 
moist conditions normally encountered during pelleting, 
are potentially destructive to certain feed components. 
This is particularly true of any enzymes, including 

25 xylanases, which are present. 

As is well known, enzymes are proteins, and thus are made 
up of amino acids. The particular sequence of amino acids, 
the "primary structure", determines the nature of the 
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protein. The amino acid chain may then be arranged in a 
number of "secondary structures" such as sheets and 
helices. These structures are also organised in relation 
to each other to give a "tertiary structure"; for example 
5 the sheets may lie parallel to each other, rather like the 
pages of a newspaper. Lastly, several sub-units may be 
associated together in a particular enzyme, and this gives 
rise to "quaternary structure". 

To function, an enzyme must possess an active site which 
is capable of catalysing the reaction of a particular 
substrate. This active site often has a very specific 
shape, which is determined by the primary, secondary, 
tertiary and quaternary structures of the enzyme. Changes 
in the shape of the catalytic site are likely to 
deactivate the enzyme. 

There are several factors, including heat, pressure and 
pH, which may alter the shape of an enzyme and so also its 
20 active site. During feed processing, any enzyme already 
present in the mixture will be subjected to temperatures 
and pressures which may well cause the enzyme to at least 
partially denature and thus lose some or all of 
its activity. The higher the temperature to which an 
25 enzyme is exposed during processing, the greater its 
activity will decline. Typically, mesophilic xylanases 
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are stable at temperatures up to 65°C but lose all 
activity if exposed to a temperature of 95°C at least in 
an aqueous solution. 

5 If such temperature mediated denaturing occurs during feed 
processing, it is of course extremely disadvantageous as 
then the enzyme will not give rise to the effect for which 
it was added, or will only give rise to such an effect to 
a limited extent. One possibility of overcoming this 

10 problem would be to include significantly greater relative 
amounts of the enzyme to the feed in order to compensate 
for the deactivation of a certain proportion. However, 
adding such additional amounts is disadvantageous from an 
economic viewpoint because the enzymes which are 

15 incorporated in animal feeds are relatively expensive. 

It has also been investigated to stabilise the enzymes by 
coating them on special carriers or by coating them using 
specialised coating technologies. However, methods such as 
20 these have not been able to deal effectively with the 
relatively severe processing conditions encountered in 
high temperature steam pelleting, in an expander or in an 
extruder . 

2 5 An alternative solution would be to add enzymes, such as 
xylanase, to pre- formed pellets which have already been 
heat treated. This however is not an ideal solution 
because firstly complex and expensive machinery is 
required to precision coat the enzyme on the pellets to 

30 achieve the desired relative amount of inclusion. 
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Secondly, the solutions of enzymes which are used in such 
a coating procedure have limited storage stability and can 
become contaminated by bacteria. 

Accordingly, even though partial solutions to the problem 
of enzyme stability during feed processing are available, 
none of them solves the problem in a totally effective 
manner . 

In the description and claims which follow, reference is 
made to units of xylanase activity. This activity as used 
in the present invention is measured by the following 
assay method . 

Assay Method for Xvlanase Activity 

One unit of xylanase activity is the amount of enzyme 
which liberates one (.imol of reducing sugars (expressed as 
xylose equivalents) from the substrate in one minute 
under the conditions described. 

Reagents 1. 1% (w/v) xylan substrate 



Add 10 ml of 0.5 M sodium hydroxide to 
1.0 g of xylan (Fluka 95590) . Mix for 30 
minutes with a magnetic stirrer. Add 



about 40 ml of 0.05 M sodium acetate 



buffer, pH 6.5. 



Adjust pH to 6.5 with 1 



M acetic acid. 



Fill to 100 ml with 0.05 
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M sodium acetate buffer, pH 6.5. 
Substrate should be mixed all the time 
when used. 

2 . 1 M acetic acid 

Pipette 5.7 ml of glacial acetic acid 
into a volumetric flask and fill to 100 
ml with distilled water. 

3. 0,05 M sodium acetate buffer, pH 6 . 5 



A. Dissolve 4.1 g of sodium acetate in 
distilled water and fill to 1000 ml with 

15 distilled water. 

B. Dissolve 3.0 g of glacial acetic acid 
in distilled water and fill to 1000 ml 
with distilled water. 



Adjust the pH of solution A to pH 6.5 
with solution B. 

4. Dinitrosalicylic acid (DNS) reagent 



Suspend 20.0 g of 3 , 5 -dinitrosalicylic 
acid in about 800 ml of distilled water. 
Add gradually 300 ml of sodium hydroxide 
solution (32.0 g NaOH in 300 ml of 
30 distilled water) while stirring 
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continuously. Warm the suspension in a 
water bath (the temperature may not 
exceed +48°C) while stirring until the 
solution is clear. Add gradually 600 g 
5 of potassium sodium tartrate. Warm the 

solution (the temperature may not exceed 
4-48°C) if needed until the solution is 
clear . 



10 Fill to 2000 ml with distilled water and 

filter through a coarse sintered glass 
filter. 



Store in a dark bottle at room 
15 temperature. The Reagent is stable for a 

maximum of 6 months . 



Procedure 1 , Enzyme sample 

20 

1 ml of enzyme dilution (in 0.05 M sodium 
acetate buffer, pH 6.5) is equilibrated 
at +50*^0, Add 1 ml of xylan substrate, 
stir and incubate at +50°C for exactly 30 

25 minutes. Add 3 ml of DNS-reagent, stir 

and boil the reaction mixture for exactly 
5 minutes. Cool the reaction mixture in a 
cold water bath to room temperature 
and measure the absorbance at 540 nm 

30 against distilled water. 
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2 . Enzyme blank 

Incubate 1 ml of xylan substrate at +50°C 
for 30 minutes Add 3 ml of DNS-solution 
5 and stir. Add 1 ml of enzyme dilution 

(in 0.05 M sodium acetate buffer, pH 6.5) 
and stir. Boil the mixture for exactly 5 
minutes. Cool the reaction mixture in a 
cold water bath to room temperature and 
10 measure the absorbance at 540 nm against 

distilled water. 

The absorbance difference between the 
enzyme sample and enzyme blank should be 
15 0.3-0.5. 

3 . Standard curve 

Prepare standard solutions from anhydrous 
20 xylose in 0.05 M sodium acetate buffer, 

pH 6.5. Xylose concentration in the 
standards should be 0.05-0.5 mg/ml. 
Pipette 1 ml of standard solution, 1 ml 
of xylan substrate and 3 ml of DNS- 
25 reagent into a test tube. Stir and boil 

for exactly 5 minutes. Cool in a cold 
water bath to room temperature and 
measure the absorbance at 540 nm against 
standard blank. In the standard blank, 
30 xylose solution is replaced by 1 ml of 
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0.05 M sodium acetate buffer, pH 6.5. 
Otherwise standard blank is treated like 
xylose standard. 

5 Plot xylose concentration as a function 

of absorbance . New standard curve is 
prepared for every new DNS-reagent. 

Calculation The xylanase activity of the sample is 

10 calculated according to the following 

equation : 





Activity 


(U/q) = (fAfXl - AfOn X k + C.) X 1000 X 






KW^l X t 


15 


wherein 






A(X) 


absorbance of the enzyme sample 




A(0) 


absorbance of the enzyme blank 




k 


the slope of the standard curve 


20 




the intercept of xylose standard curve 




1000 


factor, mmol -> ^mol 




Df 


dilution factor (ml/g) 






molecular weight of xylose {ISO: 13 






mg/mmol ) 


25 


t 


reaction time (30 minutes) 



Based upon the above considerations, it is one object of 
Che present invention to provide a xylanase as an additive 
30 for an animal feed which retains substantially all of its 
activity when subjected to processing techniques which 
expose it to relatively high temperatures. 



BN800CID: <WO__j9629997A1JL> 



SUBSTiTUTE SHEET (RULE 26) 



wo 95/29997 PCT/EP95/01628 



- 14 - 

Accordingly, the present invention provides the use of a 

the xylanase being characterised by being able to 
tolerate heating for one minute in a water-bath set at 
5 95°C without substantial loss of activity as determined 
by its ability to reduce the viscosity of a 1% wheat 
arabinoxylan solution at pH 6.5 and at a temperature of 
AO^C to the same final viscosity, ± 0.001 Pascal seconds, 
as an unheated control. 

10 

Preferably, the xylanase is able to reduce the viscosity 
of a 1% wheat arabinoxylan solution at pH 6.5 and at 
a temperature of 40*^0 to the same final viscosity, 
± 0.0005 Pascal seconds, as an unheated control. 

15 

The assay for xylanase activity outlined above is an 
in vitro viscosity- reducing assay using wheat arabinoxylan 
as a viscous substrate under conditions which mimic those 
found in the GI tract of an animal. Such an in vitro assay 
2 0 acts as a guide as to whether a xylanase (or mixture of 
xylanases) would have the desired effect of reducing 
digesta viscosity if used as a supplement in an animal 
feed . 

25 Full details of the viscosity-reducing assay used to 
measure the ability of a xylanase to reduce viscosity are 
as follov;s. The assay is carried out in all cases in 
dupl icate , 
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The xylanase enzyme to be assayed is diluted with 
0.1 M Na-phosphate buffer having a pH of 6 . 5 in order to 
adjust the xylanase concentration so that the resulting 
solution possesses a xylanase activity of 1.0 unit per 
ml. Such xylanase activity is determined according to the 
assay method for xylanase activity described in detail 
above . 



100 )il of the enzyme solution was added to 400 |il of a 
solution of wheat arabinoxylan (obtained from Megazyme 
Pty) in 0.1 M Na-phosphate at pH 6 , 5 in a glass test tube 
so that the final concentration of enzyme in the 
resulting solution was 0.2 U/ml and that of the wheat 
arabinoxylan was 1.0% w/w. 

The test tubes containing the solutions were then sealed 
and placed in a v/ater-bath set an 95^*0 for a certain 
period of time, typically 1 minute or 5 minutes. After 
this heat treatment, the test tubes were cooled in an 
ice-water bath. 20 minutes later, the viscosity of the 
resulting solution was measured at a temperature of 40''C 
using a Brookfield DV-II, CP 40 viscometer programmed to 
measure viscosity once a second. 

The use of the thermostable xylanase as an additive for 
an animal feed according to the present invention has the 
advantage that the activity of the xylanase is not 
substantially reduced after it is combined with the other 
feed components and subjected to conventional feed 
processing using for instance an expander or an extruder. 
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The thermostable xylanase for use in the present 

Generally the thermostable xylanase is obtained from a 
microorganism, preferably from a bacteria of fungi. 
5 Bacterial organisms which produce thermostable xylanases 
for use in the invention include Archaebacteria spp . , 
Bacillus spp.r particularly Bacillus stearothermophilus; 
Caldocellum spp. , particularly Caldocellum saccharolyti- 
cum; Cellulomonas spp, ; Clostridium spp. , particularly 

10 Clostridium acetobutylicum; Dictyoglomus spp.; Eabacte- 
rium spp,, particularly £:ujbacter"iuin thermotoga; Humicola 
grisea var. thermoidea; Malbranchia spp,, particularly 
Malbranchia cinnamonmea and Mallbranchia var. sulxurea; 
Myceliopthora spp,, particularly Myceliophtora thermophi- 

15 lum; Rhodothermus spp. , particularly Rhodothermus 
marinus; Schizophyllum spp., Scototherwus spp.; Saccharo- 
monospora spp.; Sporotrichum spp.; Streptamyces spp.; 
Thermus spp. ; Thermoanaerobacter spp. , particularly 
Thermoanaerobacter saccharlyticus ; Thermoascus spp. , 

20 particularly Thermoascus auranticus; Thermomyces spp,, 
particularly Thermoascus lanuginosus ; Thermomonospora 
spp, ; and Actinomadura spp. Fungal organisms are also 
preferred sources of xylanases according to the 
invention . Particularly, fungi which produce thermostable 

2 5 xylanases according to the invention include Aspergillus 
awawori; Aspergillus fumigatus ; and Aspergillus nidulans . 
Particularly preferred are the xylanases derived from 
Thermomonospora fusca and Micro tetraspora flexuosa . 
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The xylanase from Thermornonospora fusca is characterised 
and the amino acid sequence provided in Irwin et al. 
Applied and Environmental Microbiology, Vol. 60, pp. 763- 
770 (1994). Fermentation of Therrnonionospora fusca under 
5 conditions so as to produce thermostable xylanase useful 
in the present invention may be undertaken according to 
art -recognised processes. For example, appropriate 
fermentation procedures are described in Rothlisberger et 
al. Applied Microbiological Biotechnology, Vol. 37, pp. 

10 416-419 (1992) and in EP-A-0 473 545. Purification of the 
produced thermostable xylanase may be performed by one of 
skill in the art according to any art recognised method 
for isolating enzymes when provided with the biochemical 
characteristics of xylanase derived from Thermornonospora 

15 jfusca described in the literature . 

The isolation of thermostable xylanases from Micro- 
tetraspora flexuosa is described in detail below. Ic has 
been found that five different thermostable xylanases can 

20 be isolated from Microtetraspora flexuosa . These 
xylanases are referred to below as xylanases 1-5 
respectively. These xylanases have been purified to 
homogeneity as measured by silver staining isoelectric 
focusing gels. The xylanases have been purified by a 

25 combination of ion-exchange chromatography and hydrophobic 
interaction chromatography. Each purified xylanase is 
characterised as being thermostable over a wide pH range. 
Specifically, each xylanase retains greater than 80% 
activity in the pH range of 6-9. 

30 
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The xylanases may be further characterised as follows. 

a pi of about 8.5, and has a maximum activity at a pH in 
the range 7.0-7.5 and at a temperature of 70*^0. 
5 Xylanase 2 has a molecular weight of about 13,300 

daltons, a pi of about 7.5, and has a maximum activity 
at a pH in the range 7.0-7.5 and at a temperature of 
about 65°C. Xylanase 3 has a molecular weight of about 
31,000 daltons, a pi of about 6,2, and has a maximum 

10 activity at a pH of about 7.5 and at a temperature of 
about 65^C. Xylanase 4 has a molecular weight of about 
50,000 daltons, a pi of about 5.8, and has a maximum 
activity at a pH of about 7.5 and at a temperature of 
about 65^C. Xylanase 5 has a molecular v/eight of about 

15 3 5,000 daltons, a pi of about 5.3, and has a maximum 
activity at a pH of about 7.5 and at a temperature of 
about 70*^0. 

The xylanases of Microtetraspora flexuosa can be used in 

2 0 accordance with the present invention either as a mixture 

of all five of the xylanases, that is as a whole xylanase 
supernatant, individually, or as any combination thereof. 
The same is true also of other thermostable xylanases 
which can be used in the present invention which can be 
25 obtained from any other fungal or bacterial source. An 
alternative way of preparing the xylanase for use in the 
present invention is to construct by recombinant DNA 
techniques an appropriate host microorganism which 
produces the desired thermostable xylanase. Thus the 

3 0 xylanase may be obtained from a host which has been 
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subjected to genetic manipulation such as by the inclusion 
of a gene encoding a thermostable xylanase within a host 
bacterial or fungal strain. 



5 The xylanases 1-5 obtained from Microtetraspora. flexuosa 
can be derived from the strain deposited as ATCC 35864 at 
the ATCC, Bethesda, ND, USA from where the strain is 
readily available. The isolation of the novel xylanases 
involves the purification of the extracellular xylanases 
10 by a combination of ion-exchange chromatography (lEC) and 
hydrophobic interaction chromatography (HIC) in either 
order depending on the xylanase to be purified. 

The two purification methods to isolate and characterise 

15 the five chemically distinct xylanases derived from 
Microtetraspora flexuosa are as follows. In both methods, 
Microtetraspora flexuosa cells are removed by 
centrif ugation and the culture broth is concentrated using 
ultrafiltration. In the first method, xylanase 1 (pi 8.5), 

20 xylanase 2 (pi 7.5), and xylanase 4 (pi 5.8) are separated 
and purified. The cell free whole culture broth 
preparation is applied to an anion-exchange column, washed 
and diluted with an increasing salt (NaCl) gradient. After 
the fractions are collected, xylanase activity is measured 

25 using a remazol brilliant blue dyed birchwood xylan assay 
(RBB-xylan assay) . Xylanase 1 and xylanase 2 elute in the 
column breakthrough. The effluent breakthrough is pooled 
and reloaded onto a hydrophobic interaction column (phenyl 
Sepharose) . Xylanase 1 and xylanase 2 separate from each 

30 other by eluting the column with increasing concentrations 
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of ethylene glycol . Xylanase 4 binds to the anion exchange 

bound xylanases (xylanases 3 and 5) . Xylanase 4 was 
separated from the other xylanases by HIC. This is more 
5 fully described in Example 1 below. Purified xylanases 1, 
2 and 4 were further analysed by isoelectric focusing and 
mass spectrophotometry (MS) or sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) . 

10 In the second method, the cell free whole culture broth 
described above was subjected to HIC as a first step to 
purify xylanase 3 (pi 6.2) and xylanase 5 (pi 5.3). Both 
xylanases co-elute at the same concentration of ammonium 
sulphate. To separate xylanase 3 and xylanase 5 from each 

15 other, lEC was performed on the pooled eluted active 
enzyme materials. Xylanase 3 elutes from an anion-exchange 
column at a lower salt concentration than xylanase 5. Both 
purified xylanases were first characterised by isoelectric 
focusing and MS or SDS-PAGE. 

20 

Each xylanase has been distinguished from the others by 
its unique biochemical characteristics, e.g. molecular 
weight, pi, optimum temperature and pH, hydrophobic 
properties and temperature stability. All five xylanases 

25 can tolerate high temperatures of up to 90°C and alkaline 
conditions within the range pH 7.0-10.0. The five purified 
xylanases have a half -life at 80°C ranging from 
30 minutes to 110 minutes, A further characterisation of 
each of the five xylanases purified to homogeneity is 

3 0 described in Reference Example 2 below. 
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According to a further aspect of the present invention, 
there is provided a feed additive comprising a 
physiologically acceptable carrier and a thermostable 
xylanase, the xylanase being characterised by being able 
5 to tolerate heating for one minute in a water-bath set at 
95°C without substantial loss of activity as determined 
by its ability to reduce the viscosity of a 1% wheat 
arabinoxylan solution at pH 6,5 and at a temperature of 
40°C to the same final viscosity, ± 0.001 Pascal seconds, 
10 as an unheated control. 

According to this aspect, the thermostable xylanase may be 
any one or any mixture of the xylanases previously 
described. Thus, the xylanase may preferably be obtained 
15 from MicrotBtraspora flexuosa or TherTnomonospora fusca. 

The physiologically acceptable carrier in this aspect of 
the present invention is preferably a cereal or derived 
from a cereal. Such cereals include milled wheat, maize, 
20 soya, sugars, starches or a by-product of any of these. 
Such carriers are conventional in this technical art, and 
so are not described in any further detail. 

The feed additive according to this aspect of the present 
25 invention is combined with other feed components to 
produce a cereal -based feed. Such other feed components 
include one or more other (preferably thermostable) enzyme 
supplements, vitamin feed additives, mineral feed 
additives and amino acid feed additives. The resulting 
30 (combined) feed additive including possibly several 
different types of compounds can then be mixed in an 
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appropriate amount with the other feed components such as 

Processing of these components into an animal feed can be 
performed using any of the currently used processing 
5 apparatuses such as a double-pelleting machine, a steam 
pelleter, an expander or an extruder. 

The presence of the thermostable xylanase in the resulting 
cereal -based feed has the effect of reducing its FCR. The 
10 xylanase may alternatively or additionally increase the 
digestibility of the cereal-based feed. Further the 
inclusion of the xylanase may additionally or 
alternatively increase the rate of bodyweight gain in an 
animal per unit amount of feed which the animal consumes. 

15 

The present invention provides in a further aspect, a 
cereal-based feed comprising at least 20% by weight of 
cereal, and 0.00001 g - 10 g of thermostable xylanase 
protein per kg of feed, the xylanase being characterised 

20 by being able to tolerate heating for one minute in a 
water-bath set at 95°C without substantial loss of 
activity as determined by its ability to reduce the 
viscosity of a 1% wheat arabinoxylan solution at pH 6.5 
and at a temperature of 40°C to the same final viscosity, 

25 ± 0.001 Pascal seconds, as an unheated control. 

In this aspect of the present invention, the thermostable 
xylanase may again be any one or any mixture of the 
thermostable xylanases previously described. In particu- 
30 lar, the xylanase may be obtained from Microtetraspora 
flGXUosa or Thermomonospora fusca. In such a cereal -based 
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feed, the cereal is preferably at least one of wheat, 
barley, maize, sorghum, rye, oats, triticale and rice. It 
is particularly preferred that the cereal should be wheat . 

5 The cereal -based feed according to the present invention 
may be provided to animals such as turkeys, geese, ducks, 
sheep and cows. It is however particularly preferred that 
the feed is provided to pigs or to poultry, and in 
particular broiler chickens. 

10 

The cereal-based feed preferably includes 0.0001-1 g of 
xylanase protein per kilo of the feed; and most preferably 
0 . 001-0 . 1 g/kg. 

15 The cereal-based feed comprises at least 20% by weight of 
cereal . More preferably, it should include at least 30% by 
weight of the cereal, and most preferably at least 50% by 
weight of the cereal. The cereal can be any of those 
previously mentioned, with wheat being particularly 

20 preferred. 

Although the cereal component of a cereal -based feed 
constitutes a source of protein, it is usually necessary 
to include sources of supplementary protein in the feed 

25 such as those derived from fish-meal, meat-meal or 
vegetables. Sources of vegetable proteins include at least 
one of full fat soybeans, rapeseeds, canola, soybean-meal, 
rapeseed-meal and canola-meal. As compared to conventional 
feeds, the relative amount of the additional protein 

30 sources such as fish-meal, meat-meal or vegetable protein 
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can be reduced by adopting the teaching of the present 
invent iron result ing ' ±n s igni f icant^ -cost savings . This i s 
because the relative cost of cereals is significantly less 
than that of conventional protein supplements. In view of 
5 this, a feed can be prepared according to the teaching of 
the present invention having the same nutritional value in 
terms of available energy, amino acids and protein as a 
conventional feed but which includes a higher relative 
proportion of cereal and a lower relative proportion of 
LO protein supplements. It is also found that the inclusion 
of a thermostable xylanase in an animal feed has the 
effect that reduced levels of energy supplements such as 
fats and oils need to be included in order to achieve a 
feed having a certain level of performance. 

15 

The inclusion of a thermostable xylanase in an animal feed 
in accordance with the present invention enables the crude 
protein value and/or digestibility and/or the amino acid 
content and/or digestibility coefficients of the feed to 

20 be increased, which permits a reduction in the amounts of 
alternative protein sources and/or amino acids supplements 
which have previously had to be included in animal feeds. 
When the protein digestibility coefficient and/or the 
content of available crude protein of wheat is increased 

25 by the addition of the thermostable xylanase, major 
savings can be found in the reduced levels of protein 
and/or energy supplements which have conventionally needed 
to be added. Alternatively, when only the amino acid 
content or digestibility coefficient values are increased 

30 by the addition of the thermostable xylanase, the major 
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savings are to be found in the reduced levels of amino 
acid supplements which have conventionally needed to be 
added to the feeds. 

5 The feed provided by the present invention may also 
include other enzyme supplements such as one or more of 
P-glucanase , glucoamylase , mannanase , a-galactosidase , 
phytase, lipase, a-arabinof uranosidase , protease, a- 
amylase and pectinase. It is particularly preferred to 
10 include a protease as a further enzyme supplement such as 
a subtilisin derived from the genus Bacillus . Such 
subtilisins are for example described in detail in US-A-4 
760 025. 

15 A suitable feed in accordance with the present invention 
can be obtained by preparing a feed additive comprising 
a physiologically acceptable carrier and the thermo- 
stable xylanase, and then mixing this additive in amounts 
of 0.01-50 g per kilo with the other components 

20 constituting the animal feed (including the cereal and 
other sources of protein supplement), more preferably 0.1- 
10 g/kg and most preferably about 1 g/kg. 

The following provides a brief description of each of the 
25 three figures comprised in the specification. 

Figure 1 depicts the activity pH profile of the five 
purified xylanases from Microtetra.spora fle?cuosa. 
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Figure 2 depicts the activity temperature profile of the 
- ^ ^ f ive^ purrf ied xylanases' f rom Microtetraspora^ flexuosa : 

Figure 3 shows the temperature stability profile of the 
5 five purified xylanases from Microtetraspora. floxuosa . 

The present invention will now be further explained by way 
of the following Reference Examples and Examples. 

10 

Reference Example 1 

Purification of Five Xylanases produced by 
Mi cro t e t ra spora f 1 exu os a 

15 

Xylanase Assays 

The presence of xylanase was determined using a 
remazol brilliant blue dyed birchwood xylan (RBB-xylan) 

20 substrate (Megazyme, Australia is the commercial supplier 
of the substrate.) 200 |.il samples are mixed v/ith 250 ^il 
of substrate solution (2% [w/v] RBB-xylan in 50 mM sodium 
citrate pH 6.5) and incubated at 37°C for 10 minutes. 
Undigested xylan is precipitated by the addition of 1 ml 

25 95% ethanol and removed by centrif ugat ion . Released dye 
remaining in solution is quantified by spectrophotometry 
(ODsgo) versus ethanol as a blank and is proportional to 
xylanase activity. Activity may be quantified using a 
standard curve and is reported as XAU/ml (xylanase 

30 activity units per millilitre) . 
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A gel overlay method for detecting the presence of 
multiple xylanases and to determine their isoelectric 
points (pi) was also developed using RBB-xylan substrate. 
Isoelectric focusing (lEF) gels (pH gradient 3-9) are 
5 overlaid with a melted agarose/substrate suspension ( 4% 
[w/v] agarose, 7 mg/ml RBB-xylan, 0.5% [v/v] glycerol in 
50 mM sodium citrate pH 6.5) and incubated at 37°C. 
After ca. 1 hour xylanase activity is evident as clearing 
zones. Gels are allowed to dry completely and may be 
10 stored. Xylanase pi is determined by comparison v;ith 
identically run lEF gels containing silver stained pi 
standards . 

15 Sample 

A cell free supernatant of a Microtetraspora. flexuosa 
ATCC 35864 fermentation broth (ca. 14 XAU/ml) was 
concentrated 5 X using ultrafiltration (Amicon stir-cell, 

20 350 ml, PM-10 membrane) . All samples v;ere filter 

sterilised. Protein concentration was 12.5 mg/ml by a 
BCA method (Pierce) . Gel overlay analysis determined the 
presence of five xylanases, pi 8.5, 7.5, 6.2, 5.8, and 
5.3. These five xylanases are referred throughout the 

25 present specification as xylanases 1-5, respectively. 

Purification Methods 

30 A combination of ion exchange chromatography (lEC) 

and hydrophobic interaction chromatography (lEC and HIC, 
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respectively) were used to purify all five xylanases as 
follows 



Purification of xylanases 1 and 2 

5 As a first step, lEC was used to purify xylanases 1 and 
2. Concentrated sample was dialysed completely against 
10 mM tris-HCl, pH 9 . 0 (buffer A) . 50 ml were applied to 
a standard chromatography column (Pharmacia C 16/40) 
packed with 72 ml Q-Sepharose HP (Pharmacia) equilibrated 

10 with buffer A at 1 ml/min using a Pharmacia FPLC system. 
The column was washed with 50 ml of buffer A, then 
eluted with a 400 ml linear increasing salt gradient, 
buffer A to 0.25 M NaCl in buffer A. The column was 
washed of remaining bound protein with 2 M NaCl in buffer 

15 A. 10 ml fractions were collected and assayed as 
previously described. 



Xylanases 1 and 2 co-eluted from the column with the 
initial flow through while the vast remainder of protein 
20 was bound by the column. .(Xylanases 1 and 2 represent 
the unbound column fractions) . 

Hydrophobic interaction chromatography (HIC) was used as 
a second step to purify and isolate xylanases 1 and 2. 
25 Active fractions were pooled and brought to a final 

ammonium sulfate concentration of 0 . 2 M by the addition 
of 2 M ammonium sulfate. 50 mM sodium citrate pH 6.5 v;as 
added to a final concentration of 10 mM and the material 
(ca. 100 ml) was applied to a standard chromatography 
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column (Pharmacia C 16/20) packed with 36 ml Phenyl 
Sepharose CL-4B (Pharmacia) equilibrated with 0.2 M 
ammonium sulphate-10 mM sodium citrate pH 6.5 (buffer B) 
at 0.5 ml/min. The column was washed with 60 ml buffer 
5 B, then eluted by stepping the sale concentration down to 
10 mM sodium citrate pH 6.5 (buffer C) for 70 ml, 
stepping down to 10% (v/v) ethylene glycol (EG) in buffer 
C for 50 ml, applying a 200 ml linear gradient 10-32% EG, 
washing at 32% EG for 80 ml, applying a 150 ml gradient 

10 32-38% EG and finally stepping up to 50% EG for 70 ml to 
completely wash the column. 10 ml fractions were 
collected and assayed as above. Under these conditions, 
homogeneous xylanase 2 elutes with the 32% EG wash while 
homogeneous xylanase 1 elutes at the tail end of the 32- 

15 38% EG gradient. 

Purification of xylanase 4 

Using the above described first step (lEC) for the 
purification of xylanases 1 and 2, xylanases 4 and 5 co- 

20 elute at ca . 0.16 M NaCl in buffer A. Active fractions 
were pooled and brought to 0.4 M ammonium sulfate-10 mM 
sodium citrate pH 6.5 (buffer D) as above. Material, ca . 
100 ml, was applied at 1 ml/min to above described HIC 
column which had been equilibrated with buffer D. The 

25 column was washed with 50 ml buffer D, eluted with 130 ml 
linear gradient buffer D to buffer C followed immediately 
by a 200 ml linear gradient buffer C to 50% EG. 10 ml 
fractions were collected and assayed as above. Xylanase 
4 elutes at ca . 20% EG. 
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Purification of xylanases 3 and 5 

"'^fn the case of xylanases f " and 5 , HIC was used as a f irst 
step. Concentrated sample was brought to 0 , 5 M ammonium 
sulfate in buffer C by the addition of 2 M ammonium 
5 sulfate and 50 mM sodium citrate pH 6 . 5 (as above). 

Material was filtered to remove any trace precipitates 
and a 50 ml volume was applied at 1 ml/min to the above 
described HIC column which had been equilibrated with 0.5 
M ammonium sulfate in buffer C (buffer E) . The column 
10 was next washed with 87.5 ml buffer E then eluted with a 
147 ml linear gradient buffer E to buffer C. 10 ml 
fractions were collected and assayed as above. Xylanases 
3 and 5 co-eluted at ca . 0.05 ammonium sulfate. 

15 TEC was used to isolate and purify xylanases 3 and 5. 
Active HIC fractions were pooled (70 ml) , dialysed 
completely against 10 mM tris-HCl pH 8 . 0 {buffer F) and 
concentrated to ca. 20 ml by above method. Material was 
applied at 1 ml/min to the above described lEC column 

20 which had been equilibrated with buffer F. The column 

was washed with 150 ml buffer F and eluted with a J.50 ml 
linear gradient buffer F to 0.25 M NaCl in buffer F. 10 
ml fractions were collected and assayed as above, 
Xylanase 3 eluted at ca. 0.05 M NaCl while xylanase 5 

25 eluted at ca . 0.15 M NaCl. 
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Reference Example 2 

Characterisation of Five Xylanases produced by 
Mlcrotetraspora flexuosa. 

5 

After purification, each xylanase was subjected to 
isoelectric focusing and a molecular weight determination 
according to the following procedures. The results of 
the biochemical characterisation of the xylanases are 
10 listed in Table 1. 

Isoelectric focusing techniques were carried out using a 
PhastSystem (Pharmacia Biotech) as per manufacturer's 
instructions. Markers used for pi determination were a 
15 broad pi kit pH 3.5-9,3 (Pharmacia Biotech). 

Visualisation of proteins was by PhastSystem development 
silver staining, as per instructions. 

Molecular weight determinations were accomplished by two 
20 methods: sodium dodecyl sulfate polyacrylamide gel 

electrophoresis ( SDS- PAGE )' and mass spectroscopy (MS). 

SDS-PAGE and subsequent visualisation by silver staining 

was carried out using a Phast system, as above. Molecular 

weight markers used were from Sigma Chemical Co. (St. 
25 Louis, MO) . Mass spectroscopy was performed by Charles 

Evans and Associates (301 Chesapeake Drive, Redwood City, 

CA 94063) . 
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Table 1 
Microtetraspora flexuosa 
XYLANASES 



No 


pi 


MW (kD) - 
method 


pH 


Temperature 








Optimuzn 


stability 


Optimum 
(**C) 


stability 
half-life at 
80"C (min) 


1 


8.5 


33 . 1-MS 


7.0-7.5 


6-8.5 


70 


110 


2 


7 . 5 


13 .3-MS 


7 . 0-7 . 5 


6-8 


65 


55 


3 


6.2 


31 . 0-SDS 


7 . 5 


6-9 


65 


30 


4 


5.8 


50 .0-SDS 


7.5 


6-9 


65 


90 


5 


5.3 


35. 0-SDS 


7.5 


6-9 


70 


. 30 



5 

The pH optimum is determined by using the RBB assay 
described previously except that the buffers vary 
depending on the pH ranges measured, i.e., pH 4,5 -12.0. 
(See Figure 1) It is within the skilled artisan* s 
10 ability to prepare the appropriate buffer for the 
selected pH of the assay. 

The temperature stability represents the time at a given 
temperature where half the activity remains. The 
15 activity is measured at approximately 18 - 37''C. A sample 
is incubated at a given temperature and the activicy is 
measured using the RBB assay. The half life is the time 
in minutes where half the activity is lost. (See Figure 
3) 

20 

aBSmUTE SHEET (RULE 26) 

BNSOOCID: <WO_jW29997A1JL> 



wo 95/29997 




PCT/EP95/ai628 



- 33 - 

The temperature optimum is the temperature where the 
highest activity is found. Figure 2 shows the temperature 
profile of xylanases 1-5 measured using the RBB assay. 
In both Figures 1 and 2, the % maximum activity is 
5 related to the highest activity measurement which is 

given the value 100% and all other numbers are measured 
relative to that standardisation. 

Example 1 

10 

Xylanases 1-5 from Microtetraspora flexuosa, xylanase TfxA 
from rherrno/nonospora fusca, and xylanases obtained from 
Trichoderma viride and Aspergillus niger were tested to 
determine their relative ability to reduce the viscosity 

15 of a wheat arabinoxylan substrate in accordance with the 
viscosity reducing assay described in detail above. For 
each of the enzyme compositions, the viscosity was 
determined without heat treatment (control) and after 
respective heat treatments for 1 minute and 5 minutes in a 

20 water bath set at 95°C. The results of these experiments 
are summarised in Table 2 . ' 
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Table 2 



Xylanaae 


Control 
(no heat 
treatment) 


Viscosity (Pa.s) 20 minutes 
after exposure to SS'C for: 

1 minute 5 minutes 


Xylanases 1-5 from 
M. flGxuosa 


1.8 X 10"^ 


1.8 X 10"^ 


8,8 X 10"^ 


Xylanase TfxA from 
T. fusca 


7 . 9 X 10'^ 


8.2 X 10'^ 


1.6 X 10"^ 


Xylanase from 
r. viride 


2.0 X 10"^ 


1.1 X 10'^ 


1 . 1 X 10"^ 


Xylanase from 
A. niger 


1.4 X 10'^ 


7.2 X 10'^ 


7.3 X 10'^ 



5 

It can be seen from the above results that exposure of all 
of the xylanases or mixture of xylanases to a temperature 
of 95°C for five minutes significantly reduced xylanase 

10 activity as measured by the viscosity-reduction assay. 
However, it has also to be noted that the viscosity 
measured for the first and second xylanases after exposure 
to 95°C for one minute was not significantly different 
from the control, and within the range ± 0.001 Pa.s, It is 

15 clear on the other hand that the xylanases obtained from 
T. vlride and A. niger are very much more sensitive to 
heat compared to the thermostable xylanases used in the 
present invention . 
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The thermostability of the individual xylanases 1 and 2 
obtained from Microiietrsispora flexuosa were assayed 
5 according to the viscosity- reducing assay used in Example 
1. In common with Example 1, a control run for each 
xylanase was carried out which was not subjected to any 
heat treatment. Again, two heat treatments were carried 
out according to which the enzymes were heated for one 
10 minute and five minutes in a water bath set at 95°C. The 
results of this experiment are summarised in Table 3 . 

Table 3 

15 



Enzyme 


Control (no heat 
treatment) 


Viscosity (Pa.s) after 
exposure to 95°C for: 

1 minute 5 minutes 


xylanase 1 


1 . 7 X 10'^ 


1,9 X 10"^ 


2 . 4 X 10'^ 


xylanase 2 


1.7 X 10'^ 


2.3 X 10"^ 


2.5 X 10"^ 



It can be seen from the results set out in Table 3 that 
the viscosity measured for both xylanase 1 and xylanase 2 
20 after exposure to 95°C for one minute is within 0.00006 
Pa.s of the control viscosity. Accordingly, it is evident 
that the activity of these two xylanases is not 
substantially diminished by the heat treatment at 95*^C for 
1 minute . 



BNS0CX5ID: <WO_9529997A1 JU> 



SUBSHTUlt SHEET ^RULE 26) 



wo 95/29997 



PCT/EP95/01628 



- 36 - 



mmm,::mv^^i.»[ - i.f i .- ii i i ' hnh i i i ' ihhmi i ii ii ii. [ ii im- iiii h [[i iiii in i ii ii r i i iiii ii i i ii iim ■ i .r i it 

1. Use of a thermostable xylanase as an additive 
for an animal feed, the xylanase being characterised 
by being able to tolerate heating for one minute in 
a water-bath set at 95°C without substantial loss of 

5 activity as determined by its ability to reduce the 
viscosity of a 1% wheat arabinoxylan solution at 
pH 6.5 and at a temperature of 40 °C to the same 
final viscosity, ± 0,001 Pascal seconds, as an 
unheated control . 

10 

2. Use according to claim 1 wherein the xylanase is 
obtainable from Microtetraspora flexuosa , or 
Thermomonospora fusca . 

15 3. Use according to claim 1 or claim 2, wherein the 
xylanase is obtainable from Microtetraspora flexaosa 
and possesses one or more of the following sets of 
characteristics (i) - (v) : 

20 (i) a molecular weight of about 33,100 

daltons, a pi of about 8.5, and having a maximum 
activity at a pH in the range 7.0-7.5 and at a 
temperature of about 70°C; 
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(ii) a molecular weight of about 13,300 
daltons, a pi of about 7,5, and having a maximum 
activity at a pH in the range 7.0-7.5 and at a 
temperature of about 65*'C; 

5 

(iii) a molecular weight of about 31,000 
daltons, a pi of about 6.2, and having a maximum 
activity at a pH of about 7.5 and at a temperature 
of about 65 "C; 

10 

(iv) a molecular weight of about 50,000 
daltons, a pi of about 5.8, and having a maximum 
activity at a pH of about 7.5 and at a temperature 
of about 65 °C; 

15 

(v) a molecular weight of about 35,000 
daltons, a pi of about 5.3, and having a maximum 
activity at a pH of about 7.5 and at a temperature 
of about 70"C. 

20 

4. A feed additive comprising a physiologically 
acceptable carrier and a thermostable xylanase, the 
xylanase being characterised by being able to 
tolerate heating for one minute in a water-bath set 
25 at 95°C without substantial loss of activity as 

determined by its ability to reduce the viscosity o 
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a 1% wheat arabinoxylan solution at pH 6.5 and at a 

± 0.001 Pascal seconds, as an unheated control. 

5 5. A feed additive according to claim 4, wherein 
the xylanase is obtainable from Microtetraspora 
flexuosa, or Thermomonospora fusca. 

6. A feed additive according to claim 4 or claim 5, 
10 wherein the carrier is a cereal or is derived from a 

cereal . 

7. A feed additive according to claim 6, wherein 
the carrier is milled wheat, maize, soya or a by- 

15 product of any thereof. 

8. The use of a feed additive according to any of 
claims 4-7, for adding to a cereal-based feed to 
improve its Feed Conversion Ratio and/or to increase 

20 its digestibility and/or to increase the rate of 
body weight gain in an animal per unit amount of 
feed consumed. 

9. A cereal-based feed comprising at least 20% 
25 by weight of cereal, and 0.00001-10 g of thermo- 
stable xylanase protein per kg of feed, the 
xylanase being characterised by being able to 
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tolerate heating for one minute in a water-bath set 
at 95°C without substantial loss of activity as 
determined by its ability to reduce the viscosity o 
a 1% wheat arabinoxylan solution at pH 6.5 and at a 
5 temperature of 40^C to the same final viscosity, 
± 0.001 Pascal seconds, as an unheated control. 



10. A cereal -based feed 
wherein the xylanase is 
tetraspora flexuosa , or 



according to claim 9, 
obtainable from Micro- 
Thermomonospora fusca . 



11. A cereal-based feed according to claim 9 "or 
claim 10, wherein the cereal is at least one of 
wheat, barley, maize, sorghum, rye, oats, triticale 
15 and rice. 



12. Use of a cereal-based feed according to any of 
claims 9-11 as a poultry feed or as a pig feed. 
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